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D
Flavor Physics

Standard Model:
- describes fundamental particles
— the six type(‘flavors”) of quarks
u,d, s, c, bt

>~ the six type of leptons
€ b, T) Ve, Vyy Uy

- explains their interactions via gauge bosons

v, W, Z, gluon

Heavy Flavor Physics:

- investigates interactions that differ among flavors
- looks for properties of heavy flavor hadrons: b, ¢, T
- significant amount of data from:
@e% ?ﬂ%an CDF, DO, CMS, ATLAS, and LHCh

B -factories — dedicated to B mesons
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Belle/KEKB: e e~ — T(nS)

Primary goal :
study C P violation in B sector
711 f6 1 = 770M B events recorded at T (4.5)

( 3.5x8.0 GeV beams: @Y (45)

3.6 x8.2 GeV beams: @Y (55)

3.6 GeV et
EM calorim.

CsI(Tl) 16X,

////// Aerogel Cherenkov cnt.
SC solenoid = N\ n=1.015~1.030
1.5T SR ==
> =

@
&
o HER : High Energy Ring . .
‘,': LER : Low Energy Ring Time-of-flight cnt
3
o
3l
Positron Target
Electron
Source

Central Drift Chamber
small cell +He/C,H,

u/ K, detection
14/15 lyr. RPC+Fe

Si vtx. det.
3/4 lyr. DSSD
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Y Resonances (bb bound states)
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— The Y resonances are bound states of bb quarks.
>~ The lightest T resonance producing BB pairis T (45

CLEO

| PRL 54, 381 (1985)
30k
Y(5S)
w 2.8 +
’ﬁj x 26 -" %+ ++
2.492 _________Hi._
IOTG |0f8w(G v IITO 1.2

> The Y(5S) resonance is heavy enough to produce B B pairs

>~ A large bacKkground due to light-quark pair production (u, d, s or ¢ quark pairs
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D
Integrated Luminosity of B Factories

(fb )
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— World (uminosity record L = 2.11 x 103%*em~1s™!
> Data taken at 1 (4S), below Y (4.5 (continuum), at T (5S'), and above Y (5
= 121.4fb" ! data, corresponding to 7.11 million B B\") pairs, used for this

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

>1ab!
On resonance :
Y(5S): 121 !
Y(4S): 711 fb !
Y(3S): 3fb!
Y(2S): 25 b
Y(1S): 6 !
Off reson./scan:

~100 b !

~ 550 fb!
On resonance:
Y(4S): 433 ™!
Y(3S): 30 b !
Y(2S): 14 b’
Off resonance:
~54 b
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Bs — Dg*)+Dg*)_ ‘Branching Fraction
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Fvent Classification at L (59)

———{(_ BBV events
BY#* events
non-BB events

The total number of B, B, pairs: N BB = L X 0;?55) >

Hadronic T(55) events

BBY events

S S

S
bb events

— Luminosity: L= 121.4f6""

= e"e” — bb cross section at T (5S) energy: o) = 0.340 % 0.016 nb

— Fraction of the V'(5S) decays producing B mesons: f, = (17.1 £ 3.0)%
B(Y(5S) — D,X)/2 = f, x B(B" - D,X)+ (1— f,) x B(B —

= = Npope =(7.11 £1.30) x 10°
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BY — p{Y pi

s Decays

D&+

— CKM- favored and flavor-neutral

SIF

— Dominant CP-even final states
B? D)~

> Two heavy Ds in the final state

| K

— DI D; pure CP-even
— D:iD;F should be CP-even

for negligible C' P violation in heavy quark_limit Phys. Lett. B 316, 567 (1993)
— D" D™ predominantly CP-even:

expected C' P -odd fraction is small Phys. Rev. D 42, 3732 (1990)
— possible access to Al ?

S.Esen
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Fvent Selection
> Exclusively reconstruct BY decays to D} D, D**DT and D" D~
-Df — ¢nt, KgKt, KK, ¢pp™, K*t Kg, K*t K**

— Charged tracKs required to originate from near e e interaction point
— Mass cut on intermediate resonances and DT
-D* — D¥vy with|AMp._p, — AM™PY < 12MeV
— Background level is low
> Observables: the energy difference and the beam energy constrained mass
-AE = Ep — E* within |[—0.15,0.1)GeV
- My, = | | E** — phy within[5.25,5.45]GeV/ ¢?
where
By .. the center of mass (CM) beam energy

eam*

E'po and ppo: the energy and momentum of BY in the T (55) CM rest frame
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Event Distributions
= Y (5S) decays through: B;‘B:, B:Bs, B, B, with JB:Br = 87%
- B always decays to B,y
- We don’t reconstruct Y = shifted AF and M,

\1-\5.45 T LI T T 5.45 T LI T T 5.45 T T T T
2 : }}B\ BB pp - . B :}‘B‘ EQET\ B . :
> sl | B = 8
N R " T 2 b 2 g
S535F o 1 535F 535¢
53F ' o q4 53F o 4 s3p

525 ' ' 55— 1 L1 505 ' ' '
2015 -01 005 0 005 01 2015 -01 -005 0 005 01 2015 -0.1 -005 0 005 0.1
AE (GeV) AE (GeV) AE (GeV)

> cross contamination between modes
- true D" decay, D combined with a random photon — WC

- true DT decay, combined with a random photon — CFup
- true D" decay, lost its photon — CFdown
-true D" or D} decay— RC

need to pick one, the best
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Best Candidate Selection

Events/ 5 MeV

> simultaneous fit of three modes to account for large cross-feeds between signal modes

13

30FDFD- -

S S

red: RC+WQ
blue, purple: 4

Events/ 5 MeV
Events/ 5 MeV

\ green : Bé*)f ;

0 S : 0 — 0 .
-0.15 0.1 -005 0 005 0.1 -0.15 0.1 -005 0 005 0.1 -0.15 0.1 -0.05 0 0.05
AE (GeV) AE (GeV) AE (GeV)

> Relative fractions of signal components

BY Generated Modes RC wc CFI CFI1I
DD, 76.1 6.0fixed 17.1 (D= DY) 0.8 (DT D)
D:*DF 44.4 38.5fixed 8.2 (DF Dy )fixed 8.9 (Dt D)
DIt Dx- 318 37.6fixed 2.0 (DF D7 Jfixed 28.6 (DX DT )fi
>~ one candidate per event selected with minimum x> (MC: correct 75% of time)
) — 2
2 1 i1 [(MDg — Mp,)/om| +

= P 2
2N SN [(AMpy_p, - AMp; p,)/oan] .
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Background

> Continuum - udSc events
— small amount
— 93% rejected based on event topology
- Y(5S) - BBX — DY
— dominant source
— can not be removed
— not peaKing in fit varibales
— Exited D, states
— consider D, ;(2317)D,, D, ;(2317) D} and D, ;(2457) D, modes
— also D, D 7° mode

— small branching fractions expected = not a significant source
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ol Extract
Yield Extraction

>~ 2D extended unbinned ML fit to AE and M. to obtain the signal yields in three sign
modes.

>~ For each event (1), the contribution () from the signal and bacKground is modeled indepe
dently.

= The likelihood function for each signal mode is defined as

—-%Y; N

L= eN! HZY;P;’
J

1=1

> The combined likelihood to be maximized
E — ED;_DS_ 5 £D;iD§F o LD;H_D;_'

>~ The yields of the RC components from B! B’ production are the common paramete
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Control Studies

— try the simultaneous fit with more statistics
— data/MC calibration factors for signal PDFs

— obtain the systematics errors for

continuum suppression, best candidate selection

Two samples:
B, — l)g*>_fLJr with (55 data
— Three decay modes: D", D" 1" and D p™
— Same event selection

— Slightly modified best candidate selection

B — DYW* D~ with T (4S5) data
— Two decay modes: DT D™ and D D™ where D™
— Similar Kinematics

— Same event selection

S.Esen / September 18, 2012



Control Sample: Bg — Dg*>

h

.

/ N

-0.1 -005 O

005 0.1
AE (GeV)

Events/ 10 MeV

ol

0 .
-0.15 -0.1 -0.05

0 005 0.1
AE (GeV)

Events/ 5 MeV/c?

0 E
-0.15 -0.1 -005 O 005 0.1

AE (GeV)

Events/ 5 MeV/c?

005 53 535 54 3545 925 53 535 54 545 925 53 535 54 345
M,, (GeV/c?) M,, (GeV/c?) M,, (GeV/c?)
Mode B(Bs — D;7%) (1073)  BF(Bs — D nt) (1073)  BF(Bs — D;p")
This Stucfy 3.42+0.13 3.48 +0.02 8.53 +0.51
PDG 3.24+0.5 2.14+0.6 74+1.8
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Control sample: B O D§*>D

Events/ 5 MeV
Events/ 5 MeV

%01 005 0 005 01 015 %1 005 0 005 oI o015
AE (GeV) AE (GeV)
© © ' '
& 2600 | i
= =
@\l @\l
7 2400 -
=] =]
g g
w m200 |- -
0 ( ety
5.15 52 5.25 53 5.15 52 5.25 53
M, (GeV/c?) M, (GeV/c?)
B(B" = D;D%) 1073) BF(BY — D~ DY) 1073)
with ‘BCS /event 6.76 = 0.12 6.65 +0.17
without BCS /event 7.13+£0.11 6.75+0.18
PDG 7.24+0.8 74+1.6
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Generic MC Samples

5 30 ¢ | ¢ |
= > >
w (= ] v
o = =10 .
=20 E: E:
z 5 5
5 z 1 &
& 10 + > T
0 k 0 + 0 I L
-0.15 -01 -005 0 005 O -0.15 -01 -005 O 005 0.1 -0.15 -01 -005 O 005 0.1
AE (GeV) AE (GeV) AE (GeV)
N& T T T Ng 40 F T T T 3 Ng T T
> p > > 151
5] (5] (5]
=40rF | 1 = p=
S |3 210}
é g 20 g
2207 1 & @
i T 10 i u-l *
0 1 I 7., L 0 0- unaEne il hi
5.25 53 5.35 54 5.45 5.25 53 5.35 54 5.45 5.25 53 5.35 54 .
M,, (GeV/c?) M,, (GeV/c?) M,, (GeV/c?)
input 0 1 2 3
+0 11 +0 11 +0 12 +0 13
+0.23 +0.22 +0.24 +0.22
D¥D, 1.89 1.847557 1.707)5 2.05" 559 L7757 l(a"
+0.29 +0.29 +0.27 +0.31 +0.26 1 gnt+0.
DiD; 1.97 1477557 1.857 5% 1.667 55 2.427 55 1.26 Cincinaods
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D
Fit Results with 121.4 fﬁ_l

signal region: AE[—0.1,0.0] and My.[5.4,5.43] (small figures)

T

I
[e)

[}
(e}

Events/ 10 MeV/c?
w
(e

—_
o

= Y™ "R wl¥

0 ' 0 =J o
525 53 535 54 545525 53 535 4 54525 53 535 54 545
M, (GeV/c?) M, (GeV/c?) M, (GeV/c?)
DDy =33.1160 D+ D;=44.5188 D¥+ D~ =24.4
> T T T T ; ; ; ; 20F T T ; ;
[ 40 i
v
o 20 301 % J{ J(
% 20 . —\lu y . —
> 10 17
= 10 T .
0\_1_./\ 1 ‘~ g 1 -L Ok' \,'_;r'=$'_‘ 0= — e '—';-0-—"-’_-::
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D
Systematic Errors (/o)

Source DDy DiD,

+0 —0 +o —0
Signal PDF Shape 2.7 2.2 2z 2.4
BacKground PDF Shape 1.5 1.3 1.3 14
WC + CF fraction 0.5 0.5 4.7 4.5
R requirement (qq) suppr. 3.1 0.0 0.0 2.7
Best candidate selection 55 0.0 1.5 0.0
K* Identification 7.0 7.0 7.0 7.0
K Reconstruction 1.1 1.1 1.1 1.1
79 Reconstruction 1.1 1.1 1.1 1.1
5 . g 3.8 3.8
TracKing 2.2 2.2 2.2 2.2
Polarization 0.0 0.0 0.8 24
MC statistics fore 0.2 0.2 0.4 04
DY B 8.6 8.6 8.6 8.6
NBg*)BE*) 18.3
f g 2.0
Total 22.7 21.8 22.7 225

UNIVERSITY OF l@

Cincinnati

S.Esen / September 18, 2012



Results

Mode Y (events) ey (x107) B (%) S
DID- 33.17%9 4.72 058108 1013 114
D**D;+ D D? 44.5723 2.08 1.84+0.240.4 13.:
D+ D~ 244731 1.01 2.0 4 0.3 £0.5 8.

Sum 102.073% 4.3+£04+£1.0

Branching Fraction Significance

o Y
 2XNprprXeEMcXEPID

B

S = /=2n(Lo/Limaz)
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D
Experimental Results

= Belle measured: three decay modes exclusively
> CDF measured: B production rate times BY'— D)+ D)=

S

branching ratios relative to the normalization mode B* — DD~

> The DO measured: B'— DF DY~ vig an inclusive analysis

S

Mode BelleD) (10-2) CDF? (1072) D03 (10-2)
DDy 0.58T045 +£0.13  0.49 4 0.06 + 0.05 £ 0.08
D DF 184024204  1.13+0.1240.09+0.19
DFD:~ | 2.0£03+£05  1.75+0.1940.17 £ 0.28
DYDY | 43404410  33840254+030+056 35+1.0+1.1

() §. Esen et al.(Belle Collaboration), arXiv:1208.0323 (to be published in PRD(R())

) T 4altonen et al.,, (CDF Collaboration) PRD 85 (2012), 072002
() VM. Abazov et al.(DO Collaboration), PRL 102 (2009), 091801
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Bs — Bs Width Difference
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D
Neutral B -meson Mixing

Time evolution of the B — BY system:

Z.g B _ [ My—ils/2 My —iT12/2\ (B}
dt \BY) — \Mjy, —il%,/2 Ms—il's/2 ) \ BY B W W

The mass eigenstates: _— e T

|BJir) =p|BY) +q|B))
|B)) =p|BJ) —a|BY)

BL,’ teou toeou
with |p|? + |q|* = 1. g N %

Define:
Amg, = My — M; > 0and ATy, =1'; — 'y (> 0 2®e 108, 241801 (2012))

World averages (HFAG)

Am, =17.69 + 0.08 ps* and 1/T"y = 1.495 £ 0.015 ps

UNIVERSITY OF w
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B — B mixing parameters

Observation of 'y < Amy implies

[y < M, -Am :

sensitive to new physics

and thus, to a good approximation: well measured
consistent w/ SM
Am s ~ 2 | M 12 | ,
AFS ~ 2‘F12| COS ng) qbs:
very sensitive to NP
with the C' P violating phase
AL, :
M .
Qs = aryg T moderately sensitive to NP
12

not well Known

which is predicted to be small in the SM. Phys. Rev. D
84, 033005 (2011)
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Measuring Al

>~ Neglecting C' P violation, the heavy and light mass eigenstates have definite C P
parity. Forp, = 0, AI'y = AT'9”

> The decay channels common to BY and BY mesons contribute to 15 and thus deter-

mine AIL',.
= CKM favoredb — cCs transition dominates such modes

> C'P specific or flavor specific modes can be used to extract AL,
52, 3048 (1995); Phys. Lett. B 316, 567 (1993)

Phys. Rev. D

>~ > Best probed with B, — J /1)@ angular analysis
= = BY — DWW DY~ constitute significant fraction of b — cCs

— predominantly C' P -even.
— large branching fraction
— non-negligible theoretical uncertainties Phys. Rev. D 84, 074037 (2011)
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ATy /T via BY — Dg*)Jng*)_ Decays

> In the heavy quark limit, while (my — 2m,) — 0 and N, — o0

> b — cCs processes contribute constructively to Al

= ['[BY(CP+) — DY~ DY saturates AT
> assuming negligible CP violation, we can estimate A, /T
*)— ~(*)+
Al 2B(BY— D™ DI
U's  1-B(BI->DM DI

Aleksan et. al., PLB 316, 567 (1993), Dunietz et. al. , PRD 63, 114015 (2001)

somne
theoretical = 3-body Dg*)DE*)) X and D, ;D final states are not included

S
uncertainty

> D" D™ mode is expected to have a small CP-odd component
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AI's Measurements

Y (events) B (%)
B, — DD 102.0193 43404410
AT,/T, . (90£09+22)%

—

AT,/T, = 2B/(1 — B)

using Dy = 1.463 & 0.030 ps* = AT, = 0.062 = 0.016 ps~!

> Theoretical Estimations:
AFS/FS = (13.3 + 3.2/

only with DT DW= AT, /T, = (10.2 & 3.0 hys. Rev. D 84, 074037

— Experimental Results

arXiv:hep-ph/1102.4274

mode ATy (pst) ref.
LHCh By — J /0 0.123 + 0.029 & 0.011 PRL 108 (2012) 10
ATLAS Bs — J/v¢ 0.053 £ 0.021 + 0.008 arXiv:1208.0572
CDF Bs — J/¢ 0.075 % 0.035 £ 0.006 PRD 85 (2012) @
DO By — J/1¢ 0.16370.95 PRD 85 (2012
CDF By — DD 0.048 + 0.010 PRD 108 (2 '
Belle B, — DD 0.062 + 0.016 arXiv: 120800829 - ukbet (

Cincinnati
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D
AT, with CPV

putting back @, into equation:

AT, 1/ cosds—+/(1/ cos ¢5)2—4B(1-B)

Ls (1_8)
Dunietz, Fleischer, Nierste, PRD 63, 114015 (2001
Chua, Hou, Shen, Phys. Rev. D 84, 074037 (2011)
LHCb 1.0fb™ + CDF 9.6 o™+ D@ 81b~ 045
‘_(l_| 0.25 __' T T T T I II' T T T I‘~:\I T T I T T T T I T T T T I T T T T .': ‘I_ - : ) )
Iw - ‘ DO, HAG ] 2 . " | Belle B.—~D'D{ e Theory, all modes
Bozf | 1 g Theary, £/'0]
a - s ] 0.05 |-
< o.15F \ 1. LHCb = .
- A ] or
0.10 \\;‘""— iQombined _‘ B
. :.' e - - ] -0.05 E/
0.05 \\CDF 68% CL contours ] o1
C e (Alog £ =1.15) 1 .
O_I | . | NP PP B 171\\J\\\\\Jll\ll\l\\\l\l\l\\l
45 10 05 00 05 1.0 15 015450 100 -50 0 50 100 150
¢zcs [rad] ¢_ (degrees)
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Conclusion

> Exclusive measurements with 121.4 6 data
- B(B, — DI D;) = (0.58"0%% £ 0.13/%
-B(B, —» D*D*¥) = 1.8+ 0.2 +0.4/%
- B(By, — D:*D:) = 2.0+ 03405/
— where sum is B( B, — Dg*)“LDg*)_) = @4.3+0.4+£1.0%

— Good agreement with SM expectation and other measurements.

— Estimation of AU /T, assuming negligible CPV
~ AT, /Ty =(9.0+0.9£2.2)%

— Theoretical uncertainties:

size of 3-body partial widths is unknown, = could be large
CP-odd component of Ds *Ds* is unknown. = expected to be ~ 6%

> Results are submitted to PRD, arXiv:1208.0323
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Belle Detector

Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

1.5T

EM calorim.
CsI(T]) 16X,

Central Drift Chamber
small cell +He/C,H,

u/ K, detection
Si vtx. det. 14/15 lyr. RPC+Fe

3/4 lyr. DSSD
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S PDF modeling

Fully factorized 2D PDF defined for each component (] ):

P; = P{(AEY)P;( M
DDy Dy*DF
r RC 2G (common mean)
we Cheby+2G Cheby+2G
My, e i
wWe Bl
DDy Dy*DF
CF — DI Dy ' Cheby+G
AFE CF— D*DF Cheby+2G
CF— D+ D~ Cheby+G 3G
CF— DDy : CBS+G
My CF— D*DF CBS+G
CF— DIt D:~ Novo+G CBS+G UNIVERSITY osl(I

Cincinnaii
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Signal Region Projections

select events in AE[—0.1,0.0] and My.[5.4,5.43]

| | | No T T T No
=T 129 13
N Q i 030
=30} | = =
o S40t 412
=90 |1 = < 20
2% = =

> - - >
Dot e T | =10

0

0 0
53 535 54 545 525 53 535 54 545 525 53 535 5
M, (GeV/c?) M,, (GeV/c?) M (GeV/c)

4
DiD;=33.11%9 Dt Dy =445%38 D) 4“
select events in My.[5.4,5.43]

“w
[\
G

[\
(]
W
S
T

Smi Y

o === = 0 0 '
2015 01 -005 0 005 01 -0.I5 -00 -005 0 005 01 -0.15 -0.1 -005 0 005 0.
AE (GeV) AE (GeV) AE (GeV)

Cincinnati

[\
=)
T

1

Events/ 12.5 MeV
S O

Events/ 12.5 MeV
Events/ 12.5 MeV
=

(91

S
/.
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Bs — D*TD*~ Polarization
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D
Definitions in Helicity Basis

— The spin projections along the decay axis must be zero or in opposite directions

— Two helicity and one azimuthal angles

> Integrating over @ eliminates the interference terms

d*T'(0y,6,)
d cos 0,d cos 6,

(AL + |A_]?) [(cos® 61 + 1)(cos® 6 +
+ |Ap|? [4sin® 0, sin® 6, ]
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D
Polarization Measurement

= CP-odd fraction is expected to be ~ 6% (7. Rosner, PRD 42, 3732 (1990)

> Longitudinal polarization fraction is expected to be ~ 50%

— use same cuts as branching fraction measurement

> select events in 2.50 signal My.-AE region (B B?)
- almost pure signal: expected bacKground is less than 2 events.

- expected signal: 45 + 7 in total

— two polarization state:
- AL transverse : CP-odd + CP-even
- Ay longitudinal : C'P-even

> perform 2D fit in the helicity basis using angles 01 and 0,

> measure longitudinal fraction f; = lower bound for CP-odd?
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Longitudinal Polarization Fraction

Events/ 0.2

— +0.304-0.04
fL - O'12—0.28—0.05

Events/ 0.2

—_
)

T

T

T

Source +o

PDF Shape of RC 0.0126

PDF Shape of WC 0.0092

PDF Shape of bacKground 0.0182

Fraction of WC 0.0092

Fraction of bacKground 0.0280

Continuum Supp. 0

MC efficiency 0.0009 17

Sum 0.0380 ompbesid LS ‘(dj o
Cincinnati
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CKM in Cincinnati

CKM 2012

7th Workshop on the
CKM Unitary Triangle
: Cincinnati, Ohio USA
T September 28-0October 2, 2012

S UNIVERSITY OFI(I

http://ckm2012.uc.edu/ Cincinnati
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